The leading cause of death in patients who have had curatively treated early-stage head and neck cancer is a second primary cancer of the upper aerodigestive tract (lung, esophagus, larynx, pharynx, and oral cavity cancers). Low fruit and vegetable intake has been associated with increased risk of primary head and neck cancer and the available data suggest that increasing intake following diagnosis may reduce the risk of a second primary cancer. The goal of this study was to develop and test an easily administered intervention to increase fruit and vegetable intake in these patients following diagnosis and treatment. The 6-month intervention was based on the Stage of Change model. Seventy-five early-stage head and neck cancer patients were randomized to either the intervention group or to the ''blinded'' control group, with diet change data available on 65 patients. Fruit and vegetable intake, assessed using a food frequency questionnaire, and plasma carotenoid concentrations were measured at baseline and at the end of the study period. The change in self-reported intake of fruit and vegetables (servings per day) over the study period was significantly greater (P = 0.009) in the intervention group (n = 35; +2.1) compared with the control group (n = 30; +0.5). Total plasma carotenoids, a biomarker of fruit and vegetable intake, increased by 70 nmol/L in the intervention group as compared with a reduction of 42 nmol/L in the control group, a relative difference of 12% (nonsignificant). An intervention that can be delivered in a physician's office resulted in a significant increase in intake of fruit and vegetables in earlystage head and neck cancer patients. (Cancer Epidemiol Biomarkers Prev 2005;14(12):2848 -54) 
Introduction
Head and neck cancer refers to cancers of the oral cavity, larynx, and pharynx. Collectively, these cancers account for 3% of all cancers diagnosed in the United States with a projected 39,250 new cases diagnosed in 2005 (1) . Approximately 15,000 cases per year are diagnosed as localized, early-stage (stage I or II) disease.
Patients diagnosed with early-stage head and neck cancer, although treated with curative intent, experience a high rate of recurrences (20% in the first year) and second primary cancers (5% per year; refs. 2, 3). Second primary cancers typically occur in the upper aerodigestive tract, including lung cancer and esophageal cancer in addition to pharyngeal, laryngeal, and oral cancer second primaries (2) . Unlike the recurrence rate, the second primary rate does not decline over time and second primary cancers are reported to be the leading cause of mortality in early-stage head and neck cancer patients who seem to be curatively treated (4) . Therefore, reducing the rate of second primary cancers in this patient population is an important medical care goal. To date, no chemopreventive agent has been identified that consistently reduces the second primary cancer rate (5, 6) . Tobacco and alcohol use are wellknown risk factors for head and neck cancer and continued smoking following diagnosis has been associated with an increased risk of second primary cancers (7) and patients are advised to modify these behaviors following diagnosis of head and neck cancer.
In a meta-analysis of case-control studies (8) , low intake of fruit and vegetables was shown to be associated with an increased risk of cancers of the larynx, oral cavity, and pharynx as well as with cancers of the lung and esophagus, the predominant sites of the second primary cancers that survivors of early-stage head and neck cancer experience. The literature on the relationship between fruit and vegetable intake and numerous cancer sites was systematically reviewed by an IARC working group in 2003. Consistent with the metaanalysis, inverse associations were found between both fruit and vegetable intake and risk of cancers of the oral cavity, pharynx, and larynx (9) .
Data about dietary risk factors for second primary head and neck cancers are more limited (10) . In a follow-up study of patients with oral and pharyngeal cancer conducted by Day et al. (10) , higher fruit and vegetable intake following diagnosis and treatment was associated with a significant decrease in risk of second primary cancer. Those with the highest quartile of intake (z6.36 servings/d for men and z5.88 servings/d for women) had an odds ratio of 0.4 compared with those with the lowest quartile of intake (V2.67 servings/d for men and V1.99 servings/d for women; ref. 10) . Of interest, a recent study found that 6 to 60 months following successful treatment of early-stage oral cancer, intake of fruits and vegetables was significantly lower for these patients than for age-and sex-matched control subjects (11) , indicating that the known relatively low intake of fruit and vegetables in these patients persists postdiagnosis.
The posttreatment period in patients diagnosed with earlystage head and neck cancer may offer a window of opportunity to affect a change in dietary behavior (12) although head and neck cancer patients may present a particular challenge with regard to behavior change as they often have a history of multiple poor health behaviors, such as tobacco smoking and excessive alcohol intake. However, high smoking cessation rates have been reported in patients following a diagnosis of head and neck cancer. In a smoking cessation study of 100 newly diagnosed head and neck cancer patients who were current smokers, Gritz et al. (13) reported that at the 12-month follow-up, 64.6% of subjects were continuous tobacco abstainers. It has been suggested that previously unreceptive patients may be highly motivated following a diagnosis of head and neck cancer (13) . The regular medical follow-up care these patients receive also offers a convenient and potentially low-cost opportunity to intervene to change behavior, particularly if the intervention can be designed to be carried out by an office nurse or other nonphysician office personnel.
Several randomized trials have been conducted enrolling various high-risk populations in which the primary aim was to increase fruit and vegetable intake. Other trials have included fruit and vegetable increases as part of an overall change in dietary pattern. Trials that have employed high intensity interventions with several hours of contact time (14-16) as well as less intensive interventions (17, 18) have reported changing fruit and vegetable intake. We selected a less intensive model, with f50 to 60 minutes of contact per participant over a 6-month period, to enable easier dissemination to clinical settings if the intervention was proved efficacious. The goal of the intervention was to get participants in the intervention group to consume z7 servings of fruits and vegetables per day.
The transtheoretical Stage of Change model (19) has been studied most extensively in relation to changing addictive behaviors, such as smoking cessation (20) (21) (22) , but more recent research has also been conducted on the application of the model to other behaviors, including diet and specifically fruit and vegetable intake (23) (24) (25) . Recently, Clark et al. (26) have used the model as the basis for developing an intervention to increase fruit and vegetable intake in older people. We used this model to design and tailor an intervention by assessing each participant's readiness to change and providing a stageappropriate intervention to motivate dietary behaviors.
Materials and Methods
Patient Identification and Eligibility. All patients diagnosed with early-stage (in situ, stage I, or stage II) head and neck cancer from January 1, 1997 to February 28, 2001 who resided in the state of Connecticut were identified by the Rapid Case Ascertainment Shared Resource of the Yale Cancer Center. The Rapid Case Ascertainment Shared Resource acts as an agent of the Connecticut Tumor Registry.
The Connecticut Tumor Registry is a population-based registry that has been part of the National Cancer Institute Surveillance, Epidemiology and End Results Program since its inception in 1973.
Each patient's physician was contacted to confirm stage at diagnosis, that the patient was classified as curatively treated, and to obtain permission to contact the patient. Patients were not eligible to participate in the study if they were under 21, if they were non-English speakers, or if they reported taking >5 mg of supplemental h-carotene daily at the time of recruitment.
All procedures were approved by the Yale University School of Medicine Human Investigation Committee, the Connecticut Department of Public Health Human Investigation Committee, and the participating hospitals. In the process of case ascertainment through The Rapid Case Ascertainment Shared Resource, certain data used in this study were obtained from the Connecticut Tumor Registry located in the Connecticut Department of Public Health. The authors assume full responsibility for analyses and interpretation of these data.
Patient Recruitment. Patients were mailed a letter inviting them to participate in the study. Subsequently, the study interviewer called each patient to answer any questions and schedule a study visit. A food frequency questionnaire was mailed for completion by the patient before the visit; the reference period for completion of the food frequency questionnaire was the prior month. After obtaining signed consent at the visit, the interviewer conducted a baseline assessment, including assessment of stage of change for fruit and vegetable intake, along with demographic and risk factor information. Following the baseline assessment, each patient was randomized to the intervention arm or control arm. To ensure balance between the study arms, patients were stratified by gender (male, female) and time since diagnosis (<1 versus z1 year) then randomly assigned to intervention versus control using a random number table. A block size of four was used. All patients were blinded to the purpose of the study before randomization and the control group continued to be blinded until the end of the study. We achieved blinding by not including information about the specific purpose of the study in the patient letter or consent form. Patients were told that the study was about diet and head and neck cancer. The interviewer was blinded to the treatment assignment until completion of the assessment phase, at which time an envelope containing the intervention assignment (prepared by the biostatistician) was opened. When possible, both blood and urine samples were obtained during the visit. These were processed and stored within 4 hours of completion of the interview. Patients were asked not to eat any fruit, vegetables, or fruit juices or take any vitamin supplements for 6 hours before the visit.
The control group received usual care during the trial. At the end of the final visit, those in the control group were informed of the purpose of the study and given the information about increasing fruit and vegetable intake.
Intervention. The goal of the intervention was to increase participants' consumption of fruits and vegetables to z7 servings/d. Following randomization, an explanation of the purpose of the study and the potential health benefits of increasing fruit and vegetable intake was given to those randomized to the intervention group. The stage of change for fruit and vegetable intake was reassessed in these patients in order to deliver the appropriate intervention content. The intervention was delivered based on the reassessed stage of change and delivered during one 20-to 30-minute in-person session and subsequent contacts. Intervention patients were contacted by telephone at 6-week intervals to boost the intervention message and encourage adherence to the program. The telephone booster sessions lasted an average of 10 minutes. During the call, the interviewer discussed with the participant changes they had made in fruit and vegetable intake since the last contact, referring to specific goals that had been set at the in-person interview. At 12 weeks following randomization, tailored intervention material was mailed to each participant, consisting of a single page that contained information that reinforced material from the booklet and with supplementary information about the health benefits of eating fruits and vegetables. A trained nurse counselor delivered all the intervention activities. The food preparer in the family was encouraged to participate in the intervention session. As the intent was to develop an intervention that could be delivered in the setting of a busy physician's office by a nurse or other office personnel who would receive limited training, we included only two different sets of intervention content based on stage of change: one for those classified as in precontemplation or contemplation and one for those in preparation. Each group received a tailored intervention, which included personal interaction, and a booklet specifically designed for the study. The booklet was used throughout the intervention session and was given to the patient for him or her to refer to during the study period.
Stage was defined as:
Precontemplation: eating V6 servings/d and not seriously thinking about eating more servings of fruits and vegetables starting sometime in the next 6 months.
Contemplation: eating V6 servings/d and seriously thinking about eating more servings of fruits and vegetables starting sometime in the next 6 months but not planning to eat more servings of fruits and vegetables during the next month.
Preparation: eating V6 servings/d and seriously thinking about eating more servings of fruits and vegetables starting sometime in the next 6 months and planning to eat more servings of fruits and vegetables during the next month.
For participants in the precontemplator/contemplator group, messages were provided about the usefulness of changing dietary behaviors to convince participants that changing behavior is a positive and potentially healthpromoting idea. The interviewer discussed perceived pros and cons of changing behaviors with the patient; these pros and cons were also listed in the booklet provided. The interviewer also reviewed how one meal or snack could be changed to incorporate more fruits and vegetables; two or more meals or snacks were discussed with those in the preparation stage. The decisions made were recorded so they could be referred to in future contacts.
For participants in the preparation group, the intervention focused on the skills and strategies necessary to change behaviors. The goal of z7 servings of fruits and vegetables per day was discussed and methods for achieving this goal were identified as part of daily consumption. A checklist was reviewed with each patient to determine when fruits and vegetables were currently included in each meal or used as snacks.
Assessment of Fruit and Vegetable Intake. The food frequency questionnaire developed at the Fred Hutchinson Cancer Research Center (version 1992) contains 114 food line items and numerous questions on food preparation and purchasing in addition to several summary questions. The questionnaire contains the following fruit and vegetable items that are included in the total fruit and vegetable intake estimates used herein:
Apples and pears; bananas; peaches, nectarines, or plums (fresh or canned); cantaloupe, orange melon, muskmelon, mango, and papaya; watermelon and red melon; all other melon, such as honeydew; apricots (fresh, canned, or dried); other dried fruit, such as raisins and prunes; oranges, grapefruit, and tangerines (not juice); strawberries and kiwi; any other fruit.
Green or string beans; green or English peas; all other beans; avocado and guacamole; corn and hominy; tomatoes, fresh or juice; tomatoes, cooked, tomato sauce, salsa, and salsa picante; green peppers, green chilies, jalapenos, and green chili salsa; red peppers and red chilies; broccoli; cooked greens, spinach, mustard greens, turnip greens, and collards; carrots, including mixed dishes with carrots; summer squash, zucchini, and okra; winter squash, such as acorn, butternut, and pumpkin; coleslaw; cauliflower, cabbage, sauerkraut, and Brussel sprouts; onions and leeks, included in cooking; plantains, fried.
Intake estimates were adjusted by the use of a summary question asking the participants to report how often they ate a serving of vegetables, not counting potatoes, salad, or beans, and how often they ate a serving of fruit, not counting juices.
The use of this adjustment method has been found to slightly underestimate total fruit and vegetable intake as compared with the summation method which slightly overestimates intake compared with fruit and vegetable intake as assessed by food records; however, both methods have the same precision when compared with three criterion measures (27) . Unadjusted fruit juice (orange juice, grapefruit juice, and other fruit juices such as apple and grape) and salad (lettuce and plain lettuce salad, mixed lettuce, spinach, and salad with vegetables) intakes are reported separately as they are not included in the adjusted fruit or vegetable estimates.
Outcome Assessment. Approximately 6 months following randomization, the final visit was conducted and dietary intake was again assessed using a self-administered food frequency questionnaire with the prior month as the reference period. At the final visit, blood and urine samples were collected, then processed and stored for analysis.
Carotenoid Analysis. Blood samples were collected by the phlebotomist/interviewer at baseline and at 6-month followup when possible. Blood was collected into two 10-mL heparinized (green top) vacutainer tubes and kept cold in the dark until the plasma could be separated. The samples were transported within 4 hours of collection to the processing laboratory where plasma was aliquotted and stored at À70jC, pending analysis. Plasma carotenoids were isolated and analyzed at the Jean Mayer U.S. Department of Agriculture Human Nutrition Research Center on Aging at Tufts University. Plasma was prepared for extraction using 200 AL of sample and 0.5 mL of 0.9% saline. Echinenone, in ethanol, was added as an internal standard. The mixture was extracted by using 2-mL CHCl 3 /CH 3 OH (2:1, v/v), vortexed, then centrifuged at 800 Â g for 15 minutes at 4jC. The CHCl 3 layer was removed and evaporated to dryness under nitrogen. A second extraction was then done on the mixture using 3-mL hexane. The mixture was vortexed and centrifuged as above. The hexane layer was combined with the first extraction and evaporated to dryness under nitrogen. The residue was redissolved in 150 AL of ethanol, vortexed, and sonicated for 30 seconds. A 50-AL aliquot was used for the high-performance liquid chromatography analysis of each sample. Each of the high-performance liquid chromatography solvents was passed through a 0.45-Am membrane filter and degassed before use and all carotenoid standards were stored at À70jC.
The high-performance liquid chromatography system consisted of a 616 LC pump (Waters Corp., Milford, MA), Waters 717 plus autosampler (Waters), a C30 carotenoid column (3 Am, 150 Â 4.6 mm, YMC, Wilmington, NC), and Waters 994 programmable photodiode array detector. The plasma data from this study were collected and analyzed using Millenium32 Software (version 3.05.01, Windows NT, Waters 1998). The high-performance liquid chromatography mobile phase was methanol/methyl-tert-butyl ether/water (83:15:2, v/v/v, with 1.5% ammonium acetate in H 2 O; solvent A) and methanol/methyl-tert-butyl ether/water (8:90:2, v/v/v, with 1% ammonium acetate in H 2 O; solvent B). The gradient procedure at a flow rate of 1 mL/min at 16jC was as follows: the procedure began at 100% solvent A before going to 93% solvent A and 7% solvent B over a 1-minute linear gradient. This was followed by a 3-minute hold at 93% solvent A, followed by a 17-minute linear gradient to 45% solvent A and a 1-minute hold at 45% solvent A, then an 11-minute linear gradient to 95% solvent B, a 4-minute hold at 95% solvent B, and finally a 2-minute gradient back to 100% solvent A. The system was held at 100% solvent A for 10 minutes for equilibration back to initial conditions. Using this method, lutein, zeaxanthin, h-cryptoxanthin, a-carotene, 13-cis h-carotene, all-trans h-carotene, and 9-cis h-carotene were adequately separated. In addition, four geometric isomers of lycopene (15- 
Carotenoids were quantified by determining peak areas in the high-performance liquid chromatography chromatograms calibrated against known amounts of standards. Concentrations were corrected for extraction and handling losses by monitoring the recovery of the internal standards. The lower limit of detection was 0.2 pmol.
Statistical Analysis. All analyses were done with SAS (SAS Institute, Cary, NC). The Student's t test and m 2 analysis were used to evaluate the comparability of the baseline demographic factors, disease characteristics, and risk factors between the patient groups. The Wilcoxon rank-sum test and paired t test were used to compare changes over time in plasma carotenoids and food intake between the intervention and control groups. The median values for the plasma carotenoid concentrations are reported as the data were right skewed and the groups were relatively small.
Results
Physician consent was obtained to contact a total of 197 patients who were eligible for the study. Of these 75 (38%) were randomized, 79 (40%) declined to participate in the study, and 43 (22%) could not be contacted. The groups were comparable on gender, cancer site (oral versus larynx versus pharynx versus multiple sites), and stage at diagnosis (Table 1) . A higher proportion of patients who could not be contacted were nonwhite (n = 8; 18.6%) as compared with those who were randomized (n = 4; 5.3%; P < 0.005) or those who declined (n = 4; 5.1%; n < 0.01). However, information on race was only available for 82% of the nonparticipants.
Of the 75 patients who were randomized, 70 (93%) completed the study, 4 patients died during the 6-month study (1 intervention and 3 control), and 1 withdrew (intervention) from the study due to increased difficulty eating due to prior cancer treatment. Of the 70 patients who completed the study, a total of 36 patients were randomized to the intervention arm and 34 to the control arm. The characteristics of the patients randomized are shown in Table 2 . A total of 36 (51.4%) patients had laryngeal cancer, 28 (40%) had oral cancer, and 5 (7.1%) had pharyngeal cancer. One patient had more than one primary site. The majority of patients were diagnosed with stage I cancer. Most patients (75.7%) were former smokers, with few never (12.9%) or current (11.4%) smokers. The disease and personal characteristics were well balanced between the study arms ( Table 2) .
Stage of change for fruit and vegetable intake was assessed at baseline during the evaluation phase of the interview (i.e., before randomization; Table 3 ). At this time, the majority (62.9%) of patients were in the precontemplation phase, 5.7% in the contemplation phase, and 31.4% in the preparation phase. There was an imbalance in stage of change for fruit and vegetable intake between the two arms with more patients in precontemplation phase in the intervention arm (75%) as compared with the control arm (50.0%); conversely, fewer patients randomized to the intervention arm were in the preparation phase (22.9%) as compared with those in the control arm (41.2%). However, the difference in distribution of stage by arm was not statistically significantly different (m 2 = 4.86, P = 0.09). Following randomization, those in the intervention group were informed about the purpose of the study and the potential health benefits of increasing fruit and vegetable intake. Stage of change was then reassessed; 32 (88.9%) patients were in the preparation stage and 4 (11.1%) were in contemplation/precontemplation.
The self-reported intake of fruits, vegetables, fruit juices, and salad at baseline and the difference in intake between the baseline and 6-month assessment are shown in Table 4 . Note that five patients were not included in the analysis as they did not complete both the baseline and 6-month food frequency questionnaire. There were statistically significantly greater increases in self-reported intake from baseline to the end of the 6-month study in the intervention group compared with the control group for fruit (0.92 servings; P = 0.01), vegetables (0.66 servings; P = 0.05), and fruit juices (0.45 servings; P < 0.01). At the follow-up visit, in the intervention group, 10 patients reported intake of z7 servings of fruits and vegetables a day, the goal of the study; in contrast, in the control group, one patient reported intake of z7 servings. The control group reported lower intake of both fruits and vegetables at baseline compared with the intervention group but these differences were not statistically significant.
The plasma carotenoid levels at baseline and the difference in plasma carotenoid levels between baseline and the 6-month assessment are shown in Table 5 . Paired blood samples were available for 33 of the 36 patients in the intervention group and 24 of the 30 patients in the control group. This is a result of some patients having poor venous access. There was a greater change in the majority of serum carotenoids in the intervention group compared with the control group [difference in change from baseline to 6-month assessment: total carotenoids = 12.1% (P = 0.51); a-carotene = 12.8% (P = 0.33); lycopene = 13.4% (P = 0.35); cryptoxanthin = 11.7% (P = 0.53)]. However, there was no difference in change for h-carotene or lutein and a 6% decrease (P = 0.79) in zeaxanthin in the intervention group compared with the control group.
At baseline, fruit and vegetable intakes were significantly correlated with plasma cryptoxanthin (q = 0.31; P = 0.02 and 0.35 and P = 0.008, respectively). In addition, total carotenoids (q = 0.3; P = 0.02) and a-carotene (0.26; P = 0.05) were significantly correlated with vegetable intake, with h-carotene (0.5), lutein (0.25), and lycopene (0.23) having correlations of borderline significance.
Discussion
The results of this study show that patients who have been diagnosed with, and curatively treated for, early-stage head and neck cancer increase fruit and vegetable intake in response to a relatively low-intensity intervention (50-60 minutes) designed to be conveniently implemented in a physician's office by a nurse (as in this study), a trained staff member, or a physician. Over the intervention period, patients in the intervention group reported a mean increase of 2.07 servings/d (1.07 servings of fruit and 1.0 serving of vegetables) compared with an increase of 0.49 serving in the control group. Likewise, the increase in plasma carotenoids over the study period was greater in the intervention group compared with the control group, supporting the self-reported differences in intake between the two groups, although the difference in plasma carotenoids between the groups did not reach statistical significance. The change in intake for fruits and vegetables in the intervention group reported in our study compares to a mean increase of 1.44 servings/d from a baseline of 3.60 servings/d reported for a low-income group of primary care patients who received a low-intensity behavioral intervention, which was similarly based on the Stage of Change model (17) . To assess fruit and vegetable intake, participants in that study were asked how many pieces of fruit and how many portions of vegetables a day they ate on a typical day; potatoes were excluded and one serving of fruit juice was allowed. Other studies that used more intensive interventions reported larger self-reported increases in fruit and/or vegetables. Pierce et al. (15) reported vegetable and vegetable juice increases of 3.2 servings/d (82%) and fruit increase of 0.6 serving/d (18%) in an intervention group of women who were breast cancer survivors with no change in the comparison group. The study used telephone counseling, based on cognitive theory, as the primary method to promote dietary change in the intervention group, with monthly cooking classes and newsletters for those in the intervention group.
Rock et al. (14) reported on a randomized intervention study to increase fruit and vegetable intake in a group of 53 premenopausal women with cervical intraepithelial neoplasia. At the end of the 6-month intensive intervention period, those in the intervention group reported a median increase of 1.36 servings/d in fruits and vegetables (median baseline, 4.29 servings/d) compared with no change in the control group. In a randomized intervention designed to determine the efficacy of a low-fat, high-fiber diet in the prevention of recurrence of colorectal adenomas, those in the intervention arm in the first year of the intervention received individual weekly counseling sessions for the first 6 weeks, biweekly sessions for the next 6 weeks, and monthly sessions thereafter. A slightly less intensive intervention was implemented for the following 3 years of the study. Those in the intervention group reported an increase of 1.36 servings/d/1,000 kcal (equivalent to 2.5 servings/d) at the end of the intervention period compared with a baseline intake of 2.05 servings/d/1,000 kcal (equivalent to 3.9 servings/d) with little change reported in the control arm (18) . A pilot study in head and neck cancer patients found that at least in the short term (3 months), a large increase in fruit and vegetable intake (from 4.2 to 9.5 servings/d) was Changes in plasma or serum carotenoid concentrations have been used in many studies to validate self-reported changes in fruit and vegetable intake. We observed a 12.6% increase in median total plasma carotenoid concentration in the intervention compared with the control group, with the greatest percentage change seen for a-carotene, lycopene, and cryptoxanthin. In a controlled feeding study, where fruit and vegetable intake was more than doubled (2 servings of fruit and vegetables a day for 2 weeks followed by 5 servings for 2 weeks), the greatest changes in blood carotenoid concentrations were seen for a-carotene, h-carotene, lutein, and lycopene; collectively, a 29% increase in these four carotenoids was observed between the two diets (28) . In contrast, in an observational study involving 561 Dutch men and women, plasma h-cryptoxanthin was found to be the best predictor of fruit intake and similarly lutein for vegetable intake (29) . However, change in blood carotenoid concentration is highly dependent on the carotenoid composition of the fruit and vegetables introduced into the diet to achieve the increase in intake.
The correlations between plasma carotenoid concentrations and fruit and vegetable intake observed in this study are of similar magnitude to those reported in other studies (29) , supporting the validity of the self-reported intake of fruit and vegetable intake. Between the baseline and end of study visits, a nonsignificant reduction in plasma total carotenoid concentration was seen in the control group despite controls selfreporting a small increase in servings of fruits and vegetables over the same time period. This may indicate underreporting of fruit and vegetables at baseline in controls, overreporting of fruit and vegetables at the end-of-study visit in the controls, or may simply reflect increased consumption of low-carotenoid fruits and vegetables.
The change in plasma carotenoids seen in our study is lower than that seen in some studies that report similar changes in self-reported fruit and vegetable intake (14) (15) (16) (17) . This could be due to differences in the way fruit and vegetable intake is assessed and/or reported or to differences in the statistical presentation of blood carotenoid concentrations. Carotenoid distributions tend to be right skewed; thus, reporting mean values versus the median values or geometric means may inflate the average change in carotenoids, especially in small studies. Additionally, study populations may differentially overreport fruit and vegetable intake in response to an intervention to please the study staff or study populations may differ in their serum/plasma response to increasing intake of carotenoid-rich fruit and vegetables (30) . Lastly, as previously mentioned, total plasma carotenoid concentration is not so perfect a biomarker for fruit and vegetable intake, as participants could increase intake of low-carotenoid fruits and vegetables. Pierce et al.
(15) encouraged consumption of juice from carotenoid-rich vegetables and saw a correspondingly large increase in blood carotenoid concentrations; however, interventions that do not focus on increasing intake of carotenoid-rich fruits and vegetables or their juices will not observe such a large increase in blood carotenoid for a comparable increase in fruit and vegetable intake.
Of note, plasma carotenoid concentrations at enrollment were relatively low in this group of head and neck cancer patients compared with the concentrations reported in the general population of a similar age as assessed in The National Health and Nutrition Examination Survey III. Our population median plasma h-carotene concentration was 209 nmol/L (11. At enrollment to the study, the majority of patients (63%) were precontemplators on stage of change for fruit and vegetable intake. Resnicow et al. (33) measured stage of change for fruit and vegetable intake in 861 volunteer members of Black churches who attended Church run health fairs and found the majority (62.7%) to be in the preparation stage. In our study, following an explanation of the purpose of our study given to those assigned to the intervention group before the intervention, the majority of precontemplators rapidly transitioned to the preparation stage. We therefore had a limited ability to assess any difference in response to the intervention based on stage of change. The rapid transition through the stages of change for fruit and vegetable intake indicates that these patients are lacking in knowledge that they should be eating more fruits and vegetables and indicates that the postdiagnosis period represents an intervention opportunity for these early-stage head and neck cancer patients.
The strengths of this study are the randomized design in which the control group was blinded to the purpose of the study and the inclusion of an objective biomarker to assess response to the intervention. In addition, although this study was conducted in a challenging patient population, a reasonable change in intake was achieved with a minimal intervention. However, the study experienced a lower than ideal participation rate. Although not affecting the internal validity, the results may not be generalizable to all early-stage head and neck cancer patients. In addition, the inability to obtain blood samples from all participants further limited our power to detect differences in change in plasma carotenoid concentrations over time. An additional limitation is that as the intervention group could not be blinded, the patients in the intervention group may have reported higher dietary intake of fruits and vegetables in response to being advised that they should increase their intake but without doing so. This possibility cannot be ruled out as changes in plasma carotenoids over the study period were not significantly different between the intervention and control groups. Alternately, those in the intervention group may have increased fruit and vegetable intake due to simply receiving dietary information and, therefore, any change may not be attributed to receiving stage-based information. Future research could pit a stage-based intervention against an informational one, with no stage-based content to test this possibility. In summary, this study indicates that patients with head and neck cancer, most of whom have or have had a history of unhealthy lifestyle habits including smoking and/or excessive alcohol drinking, respond to a relatively low-intensity intervention that could be incorporated into their routine medical follow-up care by significantly increasing their fruit and vegetable intake. As these patients have heightened risk for several common chronic diseases (e.g., heart disease), which might be reduced by increasing fruit and vegetable intake, introducing an intervention such as this into their follow-up care may provide several health benefits.
